1. Labelled thoracic-duct lymph was collected from rats and rabbits after test meals containing ['4C]cholesterol and [2-3H]glyceryl trioleate. 2. The metabolism of labelled cholesterol and triglyceride was studied in normally fed and cholesterol-fed rats and rabbits injected with radioactive lymph from the same species. 3. In normally fed animals of both species, 10min after intravenous administration, about 80% of lymph cholesteryl ester but only about 10% of triglyceride was recovered in the liver after clearance from the plasma. This distribution is consistent with participation of 'remnant' particles in the metabolism of dietary lymph particles. 4. The metabolism of cleared lymph lipoprotein constituents was unchanged in cholesterol-fed rats, but the recovery of cholesteryl ester in the livers of the cholesterol-fed rabbits was decreased to 30% of the cleared dose. 5. The low recovery in cholesterol-fed rabbits was accounted for mainly by increased hydrolysis of cholesteryl ester. 6. It is proposed that differences between rats and rabbits in metabolism of dietary cholesterol might be partly due to the observed enhancement of hydrolysis of lymph lipoprotein cholesteryl ester in rabbits.
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For many years the rabbit has served as a useful model of atherogenesis because plasma cholesterol concentration in this species is quickly increased when cholesterol is added to the diet. In contrast the rat is resistant to dietary cholesterol, and significant hypercholesterolaemia does not usually develop unless bile acids and anti-thyroid drugs are also given (Fillios et al., 1956) .
In spite of these differences in suitability for studies of experimental atheroma much more is known about the metabolism of cholesterol in rats than in rabbits. In particular knowledge of absorption of dietary cholesterol and its subsequent metabolism is very meagre in rabbits. Thoracic-duct cannulation in rabbits has been technically possible for many years (Sanders et al., 1940) , but has been exploited only recently to gain information about cholesterol metabolism (Zilversmit et al., 1967; Fraser & Courtice, 1969; Rudel et al., 1972) .
One of the factors that has been suggested to account for the different responses of rats and rabbits to dietary cholesterol is the presence in rabbit thoracic-duct lymph of relatively large amounts of VLD lipoprotein* of intestinal origin (Zilversmit et al., 1967; Rudel et al., 1972) . Similarly VLD lipoprotein is found in rat lymph (Windmueller et al., 1970; Ockner et al., 1969) (Redgrave & Zilversmit, 1969) .
Lymph collection in rabbits was achieved by cannulation of the cisterna chyli. Female New Zealand rabbits weighing 2.5-4kg were given intravenously 0.12mg of atropine and 50-100mg of sodium thiopentone, and then an endotracheal tube was inserted under direct vision. Despite reports that rabbits have an atropine esterase (Godeaux & T0nnesen, 1949) , atropine was found to dry secretions and to decrease post-operative respiratory complications. Anaesthesia was maintained by using halothane and methoxyflurane with 02 in a closed circuit (Komesaroff & Williamson, 1968) . The cisterna was cannulated about 2cm above the level of the adrenal gland with a vinyl tube (0.8mm internal diam. and 1.2mm outside diam.) The tube was secured with an alkyl-2-cyanoacrylate adhesive (Eastman 910; Tennessee Eastman Co., Kingsport, Tenn., U.S.A.). It was not found necessary to remove the left kidney as reported by Rudel et al. (1972) . A similar tube was placed into the duodenum about 5cm beyond the pylorus and secured with a purse-string suture.
After the operation rabbits were placed in restraining cages (Bollman, 1948 ) that had been enlarged and modified. Glucose (5 %, w/v, in tap water) was available at all times and 0.15M-NaCl was infused steadily at lOml/h via the intraduodenal tube. Lymph flow varied from 4 to 12ml/h and could be maintained for 5 or 6 days.
On the first or second post-operative day a test meal was given by the intraduodenal tube. An emulsion was prepared to contain 50tCi of [4-14C]-cholesterol, 25,uCi of [2-3H]glyceryl trioleate, 1 ml of a solution of 1 % cholesterol in corn oil and 200mg of Pluronic F-68 (a copolymer of propylene oxide and ethylene oxide; BASF Wyandotte Corp., Wyandotte, Mich., U.S.A.) in 8ml of 5% (w/v) glucose, and this was infused via the intraduodenal tube over about 30min. Lymph was collected from the time it became milky for 6-18h and the lymph was handled as described above for rat lymph. Under these circumstances 64.4±5.31% (S.E.M.) of lymph cholesterol radioactivity (six observations) was in particles ofS,>400 when these particles were isolated by using a discontinuous density gradient (Minari & Zilversmit, 1963) .
Clearance oflymph lipoproteins
Recipient rats were females weighing 200-250g and fed ad libitum on either commercial rat pellets or the same pellets containing 1 % cholesterol and 3 % peanut oil for one month before the experiment. Recipient rabbits were also females weighing 3.2-4.3 kg and were fed either commercial rabbit pellets or similar pellets containing 1 % cholesterol and 3 % peanut oil. The livers of cholesterol-fed rabbits contained 2540-4770mg of cholesterol, compared with 309-438mg for the normally fed animals.
In both cases unstarved animals were injected with labelled lymph without anaesthesia. Rats received 1 ml of rat lymph via a tail vein and rabbits received either lOml of rabbit lymph given over 2.5min or 20ml of lymph over 5min via an ear vein. Exactly 10min after completion of injections rats were anaesthetized with ether and rabbits with intravenous pentobarbital, a blood sample was taken, the animals were bled and then either the whole liver (rats) or a lOg portion (rabbits; with portions from all lobes) was taken for lipid extraction. Plasma volumes were assumed to be 4ml/100g body weight for rats, and were calculated for rabbits from the haematocrit and the formula of Bocci & Viti (1966) for blood volume.
Lipids were extracted from liver, plasma and lymph by the method of Folch et al. (1957) , washed and then samples were applied to 1 g silicic acid columns for separation of cholesteryl esters from free cholesterol and triglyceride as described by Zilversmit (1965) , except that because rapid flow was obtained without kieselguhr, silicic acid (SilicAR CC-7, Mallinckrodt Chemical Works, St. Louis, Mo., U.S.A.), was used alone. All separations were checked by t.l.c. and radioactivity in portions of the eluates was measured by using previously described methods (Redgrave, 1970) .
Results
In rats after 10min about 80% of injected lymph cholesteryl ester is found in the liver, compared with only about 12% of lymph triglyceride (Table 1) . This is entirely consistent with the interpretation of previously reported experiments (Redgrave, 1970; Bergman et al., 1971) indicating the role of cholesteryl ester-enriched 'remnant' particles in the metabolism of chylomicrons. Rather smaller recoveries of both labels in these experiments are perhaps explained by the use of whole lymph instead of isolated chylomicrons or by the use of tail vein injections instead of injections via a jugular cannula. Lymph triglyceride was labelled in the glycerol moiety instead of in the fatty acid moiety as in previous experiments (Redgrave, 1970) . Hence in these experiments labelled glycerol arising from the action of lipoprotein lipase in extrahepatic tissues could have been incorporated in some measure into hepatic 1973 glycerides. However, the rather smaller recoveries found indicate that such incorporation was probably insignificant at the time-interval studied.
The feeding of cholesterol to rats produces no alteration in the recoveries of injected radioactivity, as shown in Table 1 .
Clearance of lymph lipoprotein constituents in normally fed rabbits is qualitatively very similar to clearance in rats (Table 2) . Again a major portion of cleared cholesterol and only a minor portion of triglyceride is recovered in the liver. However, plasma clearance in the rabbit is much less efficient than in the rat and after 10min 48.1 ±6.95 % of the injected dose remains in the plasma, compared with only about 20% in rats. Presumably because of their cholesterolosis plasma clearance in cholesterol-fed rabbits was significantly less efficient than in normal rabbits and 75.3±2.03% of the injected dose was recovered in the plasma after 10min (P<0.05).
Importantly, in rabbits there is a greater proportion of lymph total cholesterol label than of esterified cholesterol label recovered in the liver, a phenomenon that has not been observed in rats in these or in previous experiments (Redgrave, 1970) . Although apparent in normal rabbits, this finding is much more marked incholesterol-fedrabbits, as showninTable 3, and so contributes to the low recovery of esterified cholesterol in cholesterol-fed rabbits (Table 2) .
Whereas in cholesterol-fed rabbits the recovery of cleared lymph total cholesterol in the liver is only slightly less than in the normal rabbits, the recovery of cleared cholesteryl ester is significantly decreased.
The explanation for this observation in rabbits is clear from Table 3 , which shows evidence of rapid hydrolysis of lymph cholesteryl ester. Compared with the injected lymph the proportion of cholesterol in the liver that is unesterified has increased by a factor of 1.27 in normal rabbits, and by 2.65 in cholesterol-fed rabbits. (Unesterified radioactive cholesterol in the two lymph samples used in this study was 19.4 and 25.5% of the total cholesterol radioactivity.) This observation could not be accounted for by preferential hepatic uptake of free cholesterol, because in cholesterol-fed rabbits there is also an enhancement of the proportion of unesterified cholesterol in the plasma (Table 3) , leading to a greater combined recovery of free cholesterol than was present in the injected lymph. In normally fed rabbits is similar to that in rats but unesterified cholesterol in the liver is again increased. Although it is impossible to discount the occurrence of some hydrolysis in the plasma, the finding ofmore extensive hydrolysis in the liver at such short time-intervals makes this unlikely.
Discussion
These experiments show that the metabolism of lymph lipoprotein cholesterol and triglyceride in normal rabbits is qualitatively similar to that in rats. In both species the observed distribution of lymph constituents 10min after injection is consistent with the initial removal of most of the triglyceride by extrahepatic tissues (Felts & Mayes, 1965) and then rapid uptake of the 'remnant' particles by the liver, so accounting for recovery of dietary cholesterol, most of which is esterified, in this organ (Redgrave, 1970) . Although these experiments indicate that plasma clearance of lymph lipoprotein in rabbits might be less efficient than in rats, kinetic studies will be necessary to assess the significance of this observation. Now that similar patterns of lymph lipoprotein metabolism have been shown in rats, rabbits, sheep (Bergman et al., 1971) and dogs (Nestel et al., 1963) it must be concluded that initial removal of most of the chylomicron triglyceride in peripheral tissues by the action of lipoprotein lipase and subsequent hepatic uptake ofchylomicron cholesterol in the form of remnant particles is a general phenomenon.
Cholesterol feeding in rats did not alter the pattern of clearance of lymph lipoprotein constituents but in rabbits it was observed that hydrolysis of cholesteryl ester was greatly enhanced. Even in normally fed rabbits significant hydrolysis occurred, apparently in the liver, and cholesterol feeding accelerated the process markedly. Goodman (1962) has shown that hydrolysis of chylomicron cholesteryl ester in rat liver takes several hours, and the lack of hydrolysis in rats in these experiments is in keeping with his findings. By way ofcontrast, hydrolysis of cholesteryl ester in rabbits has been shown in these experiments to proceed rapidly and to be enhanced by cholesterol feeding, which is consistent with the observations of Felt & Benes (1970) , who showed that hepatic cholesteryl ester hydrolase activity in rabbits was increased by cholesterol feeding.
Net absorption of cholesterol is greater in rabbits that in rats (Cook & Thompson, 1951; Friedman & Byers, 1954) , but even so absorption in the rat is quite efficient. However, rats fed on cholesterol fail to develop hypercholesterolaemia, possibly because they possess the ability to convert absorbed cholesterol into bile acids, and the output of bile acids is considerably increased (Wilson, 1964) . On the other hand cholesterol-fed rabbits cannot increase their output of bile acids (Hellstrom, 1965) , so hypercholesterolaemia develops.
The experiments reported here suggest a possible mechanism for these different responses of rats and rabbits to dietary cholesterol. Esterified cholesterol might be the substrate for the initial step in conversion of cholesterol into bile acids (Boyd, 1962 importance of the entero-hepatic circulation of cholesterol, the efficiency of intestinal cholesterol esterification and the precise role of cholesteryl esters in bile acid synthesis would all have significant implications for a regulating role of hepatic cholesteryl ester hydrolase, even if the above hypothesis were supported by future experiments. However, if this single enzyme does prove to be a major regulator of mammalian cholesterol metabolism, it should be possible to show within a single species correlations between hydrolase activity and individual susceptibility to hypercholesterolaemia.
In any event the present experiments show clearly that absorbed dietary cholesterol and triglyceride are metabolized in similar fashions in normally fed rats and rabbits. Differences in the transport form of absorbed lipid would therefore appear to be at least not a major determinant of differences in the responses of the two species to dietary cholesterol. Although direct evidence for a role of cholesteryl ester in bile acid synthesis is not available, the interpretation offered to explain the finding in these experiments of enhanced hydrolysis of cholesteryl ester in cholesterol-fed rabbits might lead to an explanation of the inability of rabbits to increase their production of bile acids during cholesterol feeding (Hellstrom, 1965) .
